Subsidence, Seismicity and Sea Level Rise:
Hell AND High Water in the Delta”
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Old News Revisited as a Hypothesis

The Delta is a dynamic
landscape undergoing
significant change at multiple
scales

Change will be considerable
in the future due to continued
subsidence and sea level rise

There is a hi%lh prnhabilitﬂ
that abrupt change will take
place in the next 50 years

There is no institutional
capacity to respond to
dynamic Delta landscapes




Delta Landscape Processes
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Indices of Change: Potential vs
Consequent

m Anthropogenic
accommodation space
as a proxy for the

consequence of
landscape change

B Regif}na
force as a
pﬂtentm._

1ydrostatic
proxy for

levee failure




Accommodation Space Index
ASI= (A, +A)/A,

A, = Anthropogenic Accommodation Space

Where:

A, = Subaqueous Accommodation Space

Levee Forces and Accommodation Space

subagqueous
Accammodatian
Spoce

Anthropogenic t
H

Accommodation Space

Levee Force Index
LFI = F/F4y,

Where:

Force; oo H?

F,= (hydrostatic pressure ) X (depth x width) = Force/unit levee length

F,=F,x Levee Length
since F,= (.5prH)(H * b), then
F,is proportional to H-




Methods: Data Sources

Shuttle Radar
Topography Mission
(SRTM), Feb. 2000

Research Program in
Environmental Planning
(REGIS)

DWR Island data, peat
distribution and
thickness

Deverel publications




Methods: Historic Change

TOPRG I A PFHIC SETTIR

WEWR BN

Zonal statistics to
estimate A, in 2000

Bathymetric data to
estimate A,

Estimated average annual
accommodation space
change for 1900-2000

Calculated hydrostatic
force on each levee
segment based on island
elevation relative to MSL




Methods: Simulations

Regressed 1920-1980 and
post-1950 data (Deverel
data)

Estimate decline in
subsidence rates on peat

soils (conservative)

Factored in IPCC sea level
rise by 2050 (conservative)

TNy wer Assume business-as-usual
b - conditions, simulated
stepwise lowering ot
islands until base of peat

layer encountered
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Anthropogenic Caleulated Simulated
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2.5 Hydraulic Mining Eras worth of current space (Gilbert, 1917)

1500 years to restore existing space with current sediment loads
(Schoellhamer, USGS), but

Sea level rise alone creates almost twice the annual space that
sediment is capable of filling

Average daily increase of more than 27,000 m?

Model of Historic and Recent
Changes in Accommodation Space in the Delta

4 |
Remaining
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(2.4 B)

Accommodalion Space or
Sedimentary Fill
[Billion m-]




Cumulative Levee Force Calculated Simulated
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LFl and ASI Colculoted Simulated
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TOPOGRAPHIC SETTING - YEAR I050

TOPOGERAPHIC SETTING - YEAR 20(K)




Gradual Change: Tendencies and Trajectories

LFl and AS]

1. Funmia

Potential tor and
consequence ot island
flooding

Backlog of $51B just to
achieve PL-84 standards
for current conditions

Single-island tailures cost
$50-100M

Unknown impacts on
water 511pp1}=*, ecosystems




Abrupt Landscape Change

Dhimmagc
Posential Lomes

o s = Potential for significant 1sland

b= I flooding during major floods

% '/ or seismic events of =100-year
recurrence interval (.01
exceedance probability)

Widespread flooding of Delta
islands will be a multi-year,
multi-billion dollar disruption

Abrupt change likely to result
in permanent changes in Delta
hydrology, water quality and
ecosystems: a “new” Delta

Torres et al. {20040))
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SEISMIC EVENT
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SEISMIC EVENT
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Mumber of Failures

Abrupt Change in 50 Years: Remote or Real?

Some Probabilities

m 100-year earthquake = .40

m 100-year flood event = .40

100-year earthquake AND flood = .16

100-year earthquake OR flood = .64

Itis a 2-in-3
probability that
abrupt change will
occur in the Delta in
the next 50 years

lomes et al. { N0



Conclusions

s Gradual change a
certainty; abrupt change
highly likely

Estimates here are

conservative and do not

retlect cascade ettects or
.| Anthopogenic o i | embedded thresholds

ficcommoadation Spoce

Left out impacts ot
regional climate change,
including higher temps
and larger tloods

Antropogeni Accommaodobon Spoce
| milflon =]




Conclusions

® Increasing levee failures,
with significant but
unknown impact

No technologically or
economically teasible
method to restore
elevations

CALFED program
Plﬁlil'li]'lg remains
predicated on a fixed,
rather than dynamic
landscape
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Pre-1880: Freshwoter Tidol Marsh
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